Climate change impacts are visible in Bangladesh which requires adoption of judicious crop management practices for sustainable agriculture. Crop simulation models are effective in this regard and can be used for optimizing water and nitrogen inputs for maximization of wheat yields. Two field studies were conducted at Bangladesh Agricultural Research Institute (BARI) for evaluating the effect of increased temperature on wheat production under variable water and N rates, through the use of DSSAT v4.6 model. Thirty years historic weather data and BARI Gom-26 wheat-cultivar coefficients, as generated through use of GLUE of DSSAT model, were used for evaluating the impact of temperature rise with variable rates of irrigation water and nitrogen. The effects of four levels of nitrogen (0, 40, 80 and 120 kg ha ) and four irrigation levels [0 (no irrigation), 1, 2 and 3] on wheat yield were evaluated under 0˚C, 1˚C, 2˚C and 3˚C rise in temperature. Simulation results indicated that wheat yield increased with increase in nitrogen application rate, but decreased with the temperature rise. Crop growing duration was reduced by about five days for each degree rise in temperature, irrespective of levels of irrigation water and nitrogen-rates. In general, there was yield reduction of 8.13, 16.77 and 24.97 % with increased temperature of 1˚C, 2˚C and 3˚C, respectively, when compared with no temperature rise treatment. For interaction of temperature rise-N dose, the magnitude of yield decline under temperature rise was higher with increased dose of N. Agronomic N use efficiency at different N rates and Simulation results indicated increase in wheat yield with higher levels of irrigation water, and interaction of irrigation level with temperature rise was significant. Irrigation use efficiency decreases with the increase in temperature rise. From the present study, it was seen that the interaction of temperature rise with varying levels of N and irrigation water was significant, and there is a need to design the appropriate inputs' management, as the adaptation strategy, to sustain the wheat yield under climate change situation.
temperature rise level were calculated. N use efficiency decreases with the increase in temperature rise and the highest (29.95 kg grain kg −1 N) was obtained from 40 kg N ha −1 treated plot with 0˚C temperature rise i.e. existing atmospheric temperature. Simulation results indicated increase in wheat yield with higher levels of irrigation water, and interaction of irrigation level with temperature rise was significant. Irrigation use efficiency decreases with the increase in temperature rise. From the present study, it was seen that the interaction of temperature rise with varying levels of N and irrigation water was significant, and there is a need to design the appropriate inputs' management,
Introduction
Crop growth models play important role in agricultural research, especially in the decision system of technology development, research management and policy options [1] . It helps in taking decision regarding different crop management practices like nitrogen application and irrigation scheduling which influences crop yield in a greater extent. Field experiments on different crop management practices, to find out best management options, is costly, time consuming and laborious. Crop simulation model can help in selecting specific management options out of number of strategies [2] . In agro-climatic zone where nitrogen and irrigation are limiting factor for crop production, crop simulation models are especially useful as the outcome of management strategies are strongly influenced by inter-annual climatic variability and inter-zone soil variability. Besides, strategies to mitigate the adverse effects of water stress on crop yields and potential interactions among other inputs could easily be tested through use of simulation models in order to identify the best options [3] [4] .
Wheat is the second most important cereal crop in Bangladesh and environment friendly in terms of irrigation water requirement, but sensitive to increased temperature. Nitrogen and irrigation water management not only help in achieving improved wheat yield, but it also mitigates greenhouse gas (GHG) emission from the crop fields. Though wheat is grown even under reduced irrigation conditions or residual soil moisture, climate change impacts may cause reduced water availability in future agriculture of Bangladesh and there is a need to identify the effect of soil moisture availability on growth and yield of wheat.
Simulation study through crop modelling can predict crop performance against raising temperature scenarios of Bangladesh, by also integrating the interaction effect of other biotic and abiotic stresses.
Nitrogen is the key nutrient for wheat production. Crops grown in Bangladesh are more responsive to nitrogen than other nutrients. Similarly irrigation is an important input for crop production. Wheat grows in winter season of Bangladesh when no rainfall occurs and thereby less moisture prevail in the soil. So irrigation is essential for better wheat production. But both nitrogen and irrigation are expensive input for crop production. Field experiments for quantifying optimal crop N and irrigation water requirement are time-consuming, require many years of trials at multiple locations [5] . Judicious use of nitrogen and irrigation are essential for wheat production. DSSAT model can quantify nitrogen and irrigation water requirement of wheat. It will save time, money and energy and will increase farmers profit. Decision Support System for Agrotechnology Transfer (DSSAT v4.6) is a popular modelling system [6] [7] , which includes more than 40 crops under the Cropping System Model (CSM). CERES-Wheat Model was one of them which can predict the effects of cultivar, plant population, weather, soil water and nitrogen on crop growth, development and yield, in relation to their environment [8] [9] . The DSSAT has been successfully used under various climates and management strategies worldwide [10] [11] [12] , in fertilizer N management [13] [14] [15] [16] [17] , and environmental impact assessment [18] . Studies related to genotypic and environmental interaction over the entire crop's life cycle have also been done in recent past [3] [19] , which indicated that DSSAT can be utilized to predict wheat performances against future climate change scenarios for Bangladesh. In the present study, simulation studies, by using DSSAT version 4.6, were undertaken to predict performances of wheat with rising temperatures under variable nitrogen rates and irrigation water supplies.
Materials and Methods

Experimental Site
The simulation study was conducted at Bangladesh Agricultural Research Institute (BARI) by using DSSAT v. 4 includes various tools like XBuild to create and modify experiment files, GBuild for graphing of outputs, SBuild for soil database, Weatherman for weather data and GLUE for genetic coefficient. Data on weather, soil and crop characteristics and various crop management options were used as input data. Solar radiation, air temperature (maximum and minimum in ˚C) and precipitation (mm) were used as weather data while soil physical properties like texture, structure, bulk density, water holding capacity and chemical properties like pH, N, P, K content were used as soil data. Experimental data on time series biomass and leaf area index were used as crop data. In order to simulate yields under changing temperature scenarios, the CERESWheat model in DSSAT was calibrated and validated. Climatic data were collected from the weather station of Dinajpur, which operates under the Department of Metrology, Government of Bangladesh. The input files, such as weather file, soil file, X file (experimental file), A file (average measured data file) and T file (seasonal file) were prepared for using CERES-Wheat model to predict wheat yield under temperature rise and variable water and nitrogen inputs.
Brief Description of DSSAT Model
Simulating Temperature Rise, Variable Irrigation and Nitrogen Inputs Effects
Two separate simulated studies were carried out to predict rise in temperature impact on wheat yield. In first study, the effects of rising temperature (0˚C, 1˚C, 2˚C and 3˚C) on wheat yield under variable nitrogen inputs viz. 0, 40, 80 and 120 kg N ha −1 were investigated. In second study, variable irrigation levels viz. 0, 1, 2 and 3 to create differential soil water regimes, in combination with temperature rise scenarios of 0˚C, 1˚C, 2˚C and 3˚C, were used to simulate the effect on growth and yield of wheat crop.
Test Cultivar of Wheat
The simulation runs were made with wheat variety, BARI Gom-26, through conducted field trials, and crop coefficients were generated through run of tool GLUE of DSSAT. Genetic coefficients were computed, and performance evaluation was done through comparison of observed and simulated values for various field experiments compiled from BARI sub-stations in various production environments of Bangladesh.
Model Application
Predicted wheat yield was generated using seasonal run from 1980 to 2010. The scenarios were developed to assess the sensitivity of the crop to rising temperature with varying level of N and irrigation number. Calibrated DSSAT model for wheat grown in Bangladesh environment was used to evaluate the impact of these scenarios of interaction of temperature with varying irrigation water and nitrogen inputs, and the outputs were analyzed using graphical techniques to compare climate change effect on growth and yield of wheat. 
Agronomic N Use Efficiency
Irrigation Use Efficiency
Irrigation use efficiency at different irrigation and temperature rise level was 
Results and Discussion
Calibration of CERES-Wheat Model
With the help of several wheat trials (with dates of sowing, irrigation and nitrogen rates), the genetic coefficients were computed by use of tool GLUE of DSSAT ( Table 3 
Effect of Temperature Rise and Variable Nitrogen Inputs on Growth and Yield of Wheat
Simulation results, with long term historic weather, indicated that maximum leaf area index (LAImax) increased with the increase in N rate and decrease with temperature rise (Figure 2 ) were calculated and presented in Table 4 These findings were at parity with the findings of Krupnik et al. [21] who obtained higher agronomic N use efficiency in wheat in Bangladesh with lower N rates.
Effect of Temperature Rise and Variable Irrigation Levels on Growth and Yield of Wheat
Effect of rise in temperature and variable irrigation levels on maximum leaf area index at anthesis (LAI) of wheat is shown in Figure 5 . Four levels of temperature rise (0˚C, 1˚C, 2˚C and 3˚C) and four levels of irrigation application (0-rainfed, 1 irrigation at CRI, 2 irrigations at CRI and flowering, and 3 irrigations at CRI, maximum jointing and flowering) were imposed in the model to simulate LAI of wheat. Maximum leaf area index (LAImax) increased with the increase in irrigation and decrease with temperature rise ( Figure 5 ). Simulation results indicated that grain yield of wheat increased with the increase of irrigation level, but decreased with rise in temperature ( Figure 6 ). Similar findings were reported by Aggarwal and Kalra [25] and Kalra et al. [22] , where simulated wheat yields increased with increased level of irrigation and the growth rate of yield decreased when the number of irrigation increased beyond 3. Interaction between temperature rise and irrigation levels was significant; the extent of reduction with temperature was higher as the irrigation levels increased. The result clearly indicated that reduction in yield with temperature rise was more pronounced under adequately irrigated condition, which primarily was due to reduction in duration of the crop, in particular grain growing duration. Highest grain yield of 4535 kg ha −1 was noticed in 3 irrigation with no temperature rise treatment and lowest grain yield of 1119 kg ha −1 was noticed in no irrigation with 3˚C temperature rise treatment. Irrespective of irrigation level, 5.60%, 13.15% and 18.65% yield reduction of wheat was observed under 1˚C, 2˚C and 3˚C temperature rise treatments, when compared with no irrigation treatment. The extent of reduction in wheat yield due to temperature rise was 0.42 t/ha/˚C in India [26] . Irrigation use efficiency at different irrigations and temperature rise level (compare with 0 irrigation i.e. un-irrigated plot) were calculated and presented in Table 5 . In all the irrigated plot, irrigation use efficiency decrease with the increase in temperature rise. In 0˚C temperature rise i.e. existing atmospheric temperature, irrigation use efficiency ranged from 750 to 1223 kg grain/irrigation while in 1˚C temperature rise, it ranged from 737 to 1155 kg grain/irrigation. In increased temperature irrigation use efficiency decreased gradually. In 2˚C temperature rise, irrigation use efficiency ranged from 714 to 1080 kg grain/ irrigation while in 3˚C temperature rise, it ranged from 695 to 974 kg grain/irrigation. Highest irrigation use efficiency (1223 kg grain/irrigation) was obtained from 2 irrigation level with 0˚C temperature rise and lowest irrigation use efficiency (695 kg grain/irrigation) was obtained from 1 irrigation with 3˚C temperature rise. Due to yield reduction in increased temperature level irrigation use Figure 6 . Effect of rise in temperature and irrigation application on grain yield of wheat (30 years historic weather run). efficiency was lowest in 3˚C temperature rise followed by 2˚C and 1˚C temperature rise. Highest irrigation use efficiency was obtained from 0˚C temperature rise i.e. existing atmospheric temperature. Irrigation use efficiency increase with the increase in irrigation level upto two irrigation and decreased thereafter. Because between 1 to 2 irrigation, wheat yield increased highly ( Figure 6 ) availing all the soil nutrient to plants. Between 0 to 1 irrigation, soil nutrients were underutilized resulting lower yield increase thereby lower irrigation use efficiency. On the other hand, at 3 irrigation level, irrigation use efficiency was also lower. Grain yield increasing rate is lower between 2 to 3 irrigation level resulting moderate irrigation use efficiency. These findings were at parity with the findings of Sen et al. [27] where irrigation use efficiency in wheat crop increase upto 2 irrigation and decrease thereafter.
Conclusion
Climate change and its variability are major concerns in Bangladesh. Rising temperature is the main phenomena in climate change. Wheat is an important crop of the country, and there is a need to evaluate the impact of temperature rise on growth and yield under variable rates of irrigation water and nitrogen.
DSSAT version 4.6 was calibrated for important wheat cultivar and subsequently taken to simulate the effect of temperature rise with irrigation water and nitrogen interaction at Dinajpur. Historic weather dataset, soil parameters were used.
Wheat yield decreased with increase in temperature, due to reduced duration of the crop and considerable reduction in the maximum leaf area index at flowering. Simulated yield of wheat increased with increased levels of irrigation water and nitrogen. The interaction of rise in temperature with the irrigation water and nitrogen inputs was significant, and the crop simulation tools could successfully guide in optimizing these major inputs with regard to temperature rise scenarios. Simulation of nitrogen-N and irrigation water management strategies using DSSAT models can, therefore, lead to better irrigation water and nitrogenous fertilizer decision-making.
